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DEVELOPMENT AND BENCHMARKING OF HIGHER ENERGY NEUTRON
TRANSPORT DATA LIBRARIES

E. D. Arthur, P. G. Young, R.T,Peny, D. G. Madland, R. E. MacFarlanc,
R. C. LittJe, M. Bozoian, and R. J. LaBauve

T’kxeticd W Applied Tlwmetical Physics Divisions
h Aknos National btitory
Los Alamos, New Mexico, USA

~ Neutron cross-section evaluations covcrin tie energy range from 10-1110100 McV have been
prepared for scverd materials. iThe Mciped mc cd used [o generate this da[a base has employed
statistical-prccquilibrium nuclear mc1 els, sophisticated phase shift analyses, and R-marnx techniques.
The Mm-y takes xivanm of formats developed for Version 6 of the Evaluated Nuclear Data File, ENDF.

II&Medmds to cfficiend u “

WJ

the EN13F/B-Vl rqmcnration of this librag in the MCNP Monte Carlo code
have teen devel MCNP results using the PCW library have been compared with calculated results
using cmks or dnm I&d upm intrsnuckar c-ucdc models.

(Keywmls: Dam evaluation, Higher energy, Smtist.icaJ-pruquilibrium model, ENDF/B-V1,
MCNP, Benchmark caJcularions)

This apes descrilxs an extensive effort under way
Iwidin the pplied Nuclear Science ml lUiation Tnnspon

~P8 U LO: Ahmo$ Nadond b~tofy to (kVCiOp nd
unpkmcnt ncuuon Iitics covering the energy
range from lVI1 to 1 MeV, This effon is aitrmi at

KXrks
wing twh continuctu encr

R
and multi~up dam

aodmt applicaciom in imdt cmte Carb and cbmete-
ordlrmtcs tran~ codes will k possible. The principal
method used to enerate this dau base hm em Ioyed

Lsmdsrical.~>qtdli ‘urn nwle.u rtuxlels, sophisti Wt.e.# phase
shifI analyw ad R-mtmix mchniqucs. This is in contrast to
Pvious effm.s t-hat were hued upon intranucle-sr<uctde-
cvqxmdon ~~) rnodds , devdq=d ~dy fm VW high
energies @ 1 OCV), which WCTC a plied at much lower
en

T
L‘es. Useofsuch la * m WCTCIK@CS leads to

Cot) tiOStS where Iheir physical SSMM13’@OllS $rtd Cak’ullted
rcsulu may be suspca In conrnsL the t4asWicaJ methods
limed ●lmvc have been developed and tested for nuclcon-
nucl~us rcMtions in the range of seveml tens of MeV. This

a
Lr

will i.llusuate the validity of such models and the
CX’IMtion p’t’OdUCd frcmt cahxdadats using them through

q- with neutron UK! protorr.ituluced ex menm.1
dsta avtihbk fcr ene@es below 100 W~eV. F ‘s librs.ry
U’ ti$ fmtsmts ckveiod fm the lWW venial (Veniost 6) of
the evaluated nuclear data fl.le, ENDF, and specific exun Ies

?of the udlizatiort of new femtm of these formats wil be
presented, particular in rhe context of new sampling
algcridlxns fcu Monte L dcuUosU. Finally, results from
transport benchmark calculations will be presented and
~ ~~ **S Obtaimd using ICE techniques.

TW pdncipal tkmical tmtlWla employed to pmchlcc
the data Iibswios described here are hed upon the

F
tih’htsn-smsisdcd *I, although, U &sctibed in the

mxkdm p)mw shifl and R-m#ix mxlyscs w-re used in
dm cued muucm redmts wkh hydrogen. The nmctmrdsm
fm Uti~OSt of s~h a ttlm!el i$ tkOU@ @ktMllUkMt ktto
tlm ONASH1 nuckm -cl cde systcm, dcmg with other

~U mh u M wnet%dm of tlCW qdc~ parameter
sets fm nuclmn-nucleus rc~dons in the energy mge from
SO-XXI MeV. Most of,the CiNASH development is dcscdbd
in a Cocnpanion pa@ to this conference, while the opdcul
rrmdel devclofxnent is dehbcd in Ref. 3, Fi

P
I illustrates

the ONASH systcm used for the pmscnt e ort. It allows a
choice of Hauser-Fcshbach, s.wave approxirtAon,4 or

don rtdels, tmd uses identical input files (opticai
‘=mamidonc&flcien.n. kar-kvels, dlrcct-rescdon
cross. secdcm data, and nuclear masses) and produces ou LN
mIamikmt ,- Am rn.mr~ imwiP?dT)F.f vImnmttlwt fllPl IIT

all models, one-step prccquilibtium corrections arc appiiul,
while for evaporation and S-WISVCapproximation m~els,
multistage prccquiiibrium conrnbutions are calculated. In
addition to the tngle-integrated SW- activation yields, and
gamma-ray lines calculated in the main GNASH module, the
auxiliuy moduks ANGDIS, THKCODE, and GNF1LE6
allow production of double differential spectra, thick tar et

?yields and spectra for incident charged pmicies, and END B
fik 6 formatted ~s n?

P
Vdy,

h order to assess e validity of the models discussed
above, an extensive SCIof c-ompuisons have been made with
expairnenm.1 data. Bccausc of the paucity of neutron data
above 20 MeV, many of these com “sons involve proton-
iJUhJCCd thin-ad thick-ts.rget fhU- r Iecmd examples will be
highlighted in the discussions that follow. An impotwmt
source of data ~nin to padck crrdssicm spectra arc found

?Pin W-MCV (p,x ) and wt) mea.surcrnents umde by Wend
et aJ,~ Figure f compsrcs GNASH calculations with an le-
imegrated roton and rteuuon specu’a measured for p +

k

~Nl

reactions. agreement is quite gcrotl espwcidly for emitted
neutrons. Comparisons made to double-differential data
measured trt the sasm series of ex@rtcnts dso show god
a~ment, thereby confirming W validity of the mtgular-
dlstribution systematic pnenomenology devclo cd by

W!Wz.Y=&%%U&!l&$%&$!::

!!W Wet ~Mmmu such “
fizmh et al, Figure 3 compares 30-de

r
neuuon spctra

produced by 52-MeV
r

s stopptng a thick aluminum

T
with tkse new u A@t, the ?~nt is good and

is gniflc-uttly &tmr than resuks obdnd using intranuclear-
CUC* evapnmdort nmdel tdmiques.

As dedbed in Ref. 2, a si@flcan! -nt of GNASH
development has centered uound techniques that will allow
reaJishc calculations of amtrnm.ray pxbcdon produced by
high energy neutrons, # ecently, new facilities, such M the
Los Ahmos W hi h energy twmtm mrget(seecunrnbution

ffor this conference SIIOW reliable pmma-ray production
meamrcrncnts to be nmde for neumon energies up to several
hundred MeV, Dstalo are rmw just komi.ng available from
this ftcilit that are htvalusble in benchmarking our

I
JCdCU ~dcm CMthod.s ubd techtdqrw ~

r
4 compares, for

n + I ITI tmctkm tmween 20 and 80 eV, our calculmcd
gamma-ray pmdwiort cross section ftx smnma rays h~vhtg
energies greater tin 2 MeV with the dm.a of Ref. 10. Our
calculations are in good agreernm with these dsm. Also
i~C~lCti in the fi~ by the &shd line is the total ca.icuhd

r
ucdcm cress secdcm for gamma rays having sJl energies.

ecauge ~amnfa-rs prtiuclion mcssuremcnls sample
rcontributions from al teacdon paths ctcuming It a particular

incident ener y, the comparisons shown here provide a
!sningem tesl o the models used in this energy regime,



Using the sheoretica.1 mcthalt briefl described here and
iresented in more detail in Ref. 2, NDF-fmrrsattcd data

[“lxarie-s &scribing neutron mecdons hsve been prcduccd that
cova thecncrgy nnge from 1011 toeither500r 10CI MeV.
~s f~ which such lihrics now exist are listed in Table
1. W libtics include neutron total, elmic, and nonelastic
cross =aom angular distributions for ehstic scatutig, as
well as production cross sections for nmtmons, protons,
deutcrons, alphas, and gamma rays, with their msociatcd
energy-angle spcctm. SpccKlc rcprcsemation of correlated
energy -an@e cross sections utilizes the new F’le 6
reprcscntaacm of ENDF, and is an essential feature neccsssq
to describe strong forward pcs. kingoccuming at higher
energies. Although the main em hascs here trc energies
benvocn 20 and 100 McV, w SUI&d tht these results join
smoothly with ENDF data Mow 20 MeV. We have verified
our results in this energy region through can

r
‘sons wi[h

mntaldammdftithalthcy~cmn~ eorsupaicu
to existing ENDF evaluations. FmaJ1y, m addition 10 the
nucki listed in Table 1, we am currently prducing a library
fm n@8U reactions up to 1~ McV. Calculations of most
cross sections have been completed using new h Alamos
(n~ &M 11 extendin to 4WSO0 McV andeffmsuc now

funda way to cdcu ate fission neutron and gmnmaway
pl’odtim using t

2
liminary version of s new medium

energy fission cl developd by Madhnd.12 As an
exam k of our dAtJ production effau, Fig. 5 illustrates

Urcdc tied sngk-i.ntegrntal rpcm fa rteuuon, prnmn-ray,
d Cbrpcl-puticle spm’n otxmin# i. I n + Wi maims.

Ill a@yingh - tkmbl mtbla m high-encr
fmttwm tmtlcpt calcukkms, it is Inzpamnt m incllxle e

cffa%adcumlmhsb~tha
7

ad emissiat angle
d ~ ttcuuons. ‘f idy, ti gh-c

% T
neutrons

haw forwd-peaked Mgu d.i.scrllm.ions, wh e the low-
elsqynesmonsme tsdrtedhambicma. The
wcxk of W&h s.nd Mmnls d Kalbach7 have shorn dm
Wso -mgle omreln.don cm be ~mi~ well for the

-W--t Using
%!

Ie amlytk funcdcms d hddent

T
l!, Kc4mdmyencqy ‘,prWmpmJ nd !kacdd ~n:-’)

(Whk Va’tuh’mot ol),andl haneutrostw
r Phnthe Uqdddmpmakl B~ htkslgnin~ enew END -

B-VI vedost of the fmtm fm the Evaluated Nuclear Dm
File& we IWIM an

T
on fm mmrd.in the fxux r(EJ2),

\akmg with b differcn AI cross -m@ $’). Or~ASH cm
be used to pduce uvahmiats using thisl~:: and these
mhmiatsmthehl.lsfffcubuquent ‘ ‘

YIn t%er m use these evaluations cu t~euti tnnsport
cdculukm with the Ixm A.luncm cottdmmus-energy Monte
Cmio cd MCNP,~4 h wu necessary to devks new scheme
forum lingfmmthce

T
+r@e dlstrkwkms in k rtcw

~F ~. Wch a wham OliOWl fran the Kalbuh angular
dLSldbsdm whalhk Wkteni.ndKfm

MCNP fmt samples a value for E’ using the existing
methods designed for simple energy d.ismbutions. This E’,
together with the incident energy E, determines tie values of r
and the angulru disrnbution slo~, a. Next, select a mndom
number RI. If R1 > r, usc he ‘ cosh” part of tie distribution
in the following way: selut a second random number R2, and
then emit the neutrom v h cosine

v = ~sinh-l [(2R2 - 1) sinh a] .

Otherwise, if RI S r, use the exponentitd part of ~he
distribution by sckdng a mmkrn number RI and emitring the
neutron with cosine

The parameter i is prcc-omputcd in the ACER rruxlule of
the NJOY nuclear data processing systernls while it is
preparing the other MCNP cross sections in ACE formal (A
Compact ENDF3. The r and a pamnctem me tided IO tie
ACE Ii- using mnew f’brrnat’ law.”

When the cross section libraq is read by MCNP, rhese

R
arameters make h easy to produce neutrons randomly that
ave the desired cmtgy-angk carcladon.

This scheme has the following advantages: it is simple
and fasL the data tables arc canpa.cti and W calculation takes
advanta$e of existing routines for sampling from energy
distributmns.

Two other modificukms have been made lo MCNP in
conncccton with ENDF/B-Vl mprcsentations d highcr<ncrgy
data. First, neutron resctions other than fission msy now
prqtfuce a number of secondary neutrons dependent on tic
Incnknt neutron energy. SeCon& discrete and continuum
Sec.orulary photals mynowbecocnbkd in one distribution.

All MCNP changes described ab% arc
T

uired as
prel.!minary steps in the project to generalize MCN from a
neutrodphoton cock to a true n-particle ccuk.1~ The ultimme
goal of tlmt project is to allow tnnspon C~CUlah3ns of
arbiuasy, user-fclmed mmbinadau of cznspkd pardcks.

Two S
?

le pblems hate been used for benchm~k
calculm.icms o the new Iihries. Three sets of calculated
results are

r
vialed: (1) MCNP Monte Carlo calcukdons

using the m described in this report, (2) results from
HETC,17 an tntnmdear casca& Mcmte CarIo code, and (3)

oNEDANr~~ d= ~ c&tWcms Us@ the HIL019
h.W’he fmt benchmark IJ a test of lMLMeV source
neutrons mnspmed through sn aluminum sphere. llw source
k isouopk in the renter of a Xkm tadius void. Aluminum

(density = 2.699 g/cm~) fl.lls the rcrm.lnder of a 75-cm md.ius
sphere, Calcuhted neutron flux averaged over the outer
sphere k shown in Fig. 6. Slrn.llsdy, thecalculated ncutron-
in.ducod gamma flux k howt in FIs. 7, Fcw the imeutrons,dIe
H.ETC and ONEDANT results are in ax! ~gmmcnt. ‘he
MCNP results usln; the new 1Of! MeV Ilbrades me
substantially lower fmrn 1S40 MeV. The MCNP gmrna
results tend to Ue between the ONEDANf d WC values.

The second benchm.a.rk @n employs a 100-McV

~E~rA%%’e~mZ$;”E;~k%~~~~~~
by concrete, This provides R mm realistic test of the new
data. hlCNP ml ONEDANT results for the neutron flux
avemged over the outer sphm are shown in Fiz. 8. lle
spectral Sh

T
Is In re.asmabk sgrcermng the magnitude of the

MCNP rem u is generally lower, especially from 15-90 MeV.

f(u) - A 1(1 - r) cnsh(au) + #l .



Extensive thcuctical M&A dcvelopmem has occurred.
The rnodcls have b incqmmcd into the GNASH nuclear
mdel cak system. Vaificatiors of GNASH predictions by
compuing w-id, experimental rcmdr-sfm i.mkknt neuuons md

r
cm has & amxophskd. Complete evaluations in the

NDF/B-V1 fcmmt h~ve ken prcufwxl for A numlxr of
co.mm-islsusin$ be new thcofedd rode]% and exrending tie
uw energy Luoit to 1(KI MeV. The NJOY
huknmodificd tocmccdyhs.derhe E KPV?X%
used to tnbulate the GNASH rcsxd%

%P =“ ‘~’’:;%;:xc
m ecarcladonsw’
M Mcmtr (hSiO h~ tun rm%lficd to ~pt d-It new

dau UKI smnplc from new types of distributions. Limplc
benchmark cdculuions htvc ken

r
scnlcd, comparing

results using * new Chu Ii
T’

results based on tic
intmnuclcu ctscuk model. ignificant differences arc

‘W~~YJ+M[%W;’Wkl.itiOnllly found in
ENDF cv uations M proved [o be a limiting factor in
J Iicuicms such as tcccluator shicldin W ruiioticmpy.
P /osmst md!%tticas included in END /El Version 6 have
b &d@ to -W t-k 20-McV titicm. The WOrk
dctibcd ulthpa~i.asna

w
to take advult.sgc of the

new fa-rtut in s wa tit will u ti~tcly b u=fd 10 the
/gcn.mlmmrsunityo Imlspndc@*.

GNASH Nuclear ModoI Cedo Syslom

OUTPUT

#mkm

Fig. 1. M U.h,mmdor of the GNASH nuchr SJX&I code
mdmmutidu~ in this ~.
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Fig. 3. l%c hick-ta.rgm neutron spccu-d yield *I WI resulting
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Fig. 4 The cakdud pmrrm-rs pducdon crow mcdcm
{for Tt(n,xy) rcudcm with ~ > McV uc ccmnpucd with

rcsulu fran Ref 10 in tlw ncuucm
T

rulgckn?1213to
103 McV. AIM) tiwn by the dash curve is the total
gmmms-ray producdon cross tecdon obtdned from the
pfcw-11 (mlCuhlions
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ahlminum Skl.1.
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